A cyprinid, the Prussian carp (Carassius gibelio Bloch 1782) has become an established invasive fish in several watersheds in Alberta, Canada. Originating in Eurasia, Prussian carp negatively impact native fish through predation, competition, and habitat modification. Prior to this study, nothing was known regarding the external and internal parasites of these fish in North America, although nine studies had been conducted in Europe and Asia. We examined 22 fish (20 female; 2 male) ranging from three to five years of age and recorded morphological features, stomach contents and performed standard necropsy examinations for parasites. One parasite species, the acanthocephalan Pomphorynchus bulbocolli Linkins in Van Cleave 1919, was found in three fish (14%), with a mean intensity of 1.0. This is a new host record and the first report of any acanthocephalan parasite in Prussian carp. We conclude that Prussian carp are not introducing any novel parasites into native fish and that they are resistant to most infections by native parasites.
In 2006, a species of cyprinid fish, the Prussian carp (Carassius gibelio Bloch 1782) was discovered and genetically confirmed in several southern watersheds in Alberta, Canada ). Prussian carp are native to central Europe and Siberia but have spread throughout Europe, Asia, the Middle East, and recently, into limited areas of North America (Elgin et al. 2014) . Their method of introduction into North America has yet to be determined. In Alberta, breeding populations of Prussian carp occur in the South Saskatchewan, Red Deer, Bow, and Rosebud rivers and their tributaries (Fish AEP -Environment and Parks 2018) . In addition, fish survive in dugouts, storm water ponds, and drainage ditches.
Prussian carp are benthopelagic, non-migratory fish, tolerant of poor quality, low-oxygen water (Erdogan et al. 2014) . They survive over winter, even if air temperatures fall below -30 C. Females mature at 1-2 years of age, can spawn up to 3 times per year and can reproduce using gynogenesis (fertile female offspring produced without sperm) (Erdogan et al. 2014; Docherty et al. 2017 After thawing, mass (g), total length (cm), sex, and reproductive condition were recorded for each fish. A scale was removed from the mid-lateral section, dorsal to the lateral line of each fish for aging. A standard necropsy, including a thorough visual examination of all external surfaces including the fins, body, eyes, and buccal cavity for animal parasites, deformities, or evidence of protozoan or bacterial infections was conducted. Gills were removed and placed into individual dishes, then each was rinsed with tap water, combed with forceps and dissecting needles, and examined using a stereomicroscope.
Each fish was opened on the ventral surface from anus to pectoral fins and the gonads, swim bladder, and digestive organs were removed and placed into separate dishes of tap water. Intestines were separated into three parts (anterior third, middle third, and posterior third) and flushed with tap water into individual petri dishes. Then each intestinal section was opened, and mucosal surfaces were scraped with a scalpel. All washings and scrapings were examined using a stereomicroscope. Stomachs were opened, and contents were noted. Other organs (e.g. livers, kidneys, muscles) were superficially examined. Parasites found were preserved in individual vials of AFA (70% ethyl alcohol -formalinacetic acid) (Pritchard and Kruse 1982) and helminths were later stained using Semichon's acetocarmine and permanently mounted on microscope slides using Permount ® medium. Voucher specimens are available for loan in the parasite collection of MacEwan University, Edmonton, Alberta.
D r a f t 6 Results:
Characteristics of fish:
In total, 22 Prussian carp were necropsied: 15 from the Blindman River (15 female; 0 male) and 7 from the Blood Indian Reservoir (5 female; 2 male) ( Table 1) . Fish varied in age from 3 years to 5 years old. Fish that were 3 years old averaged 28.3 cm long (SD 7.1 cm) and weighed 578 g (SD 532 g); age 4 were 29.2 cm long (SD 3.9 cm) weight 497 g (SD 274 g); age 5 were 31.2 cm long (SD 3.5 cm), weight 659 g (SD 204 g).
Diet:
Insect parts were found in 55% of carp stomachs (Table 1) . One stomach (5%) contained amphipods belonging to the genus Hyallela Smith 1874. Five stomachs (23%) contained algae and 3 (14%) had macrophyte tissue; 27% of stomachs were empty. About half (55%) of stomachs had invertebrate remains and 32% contained plant/algae material.
Parasites:
The intestines of 3 fish (14%) were infected by one species of parasite, identified using morphological characteristics of the proboscis and spines, as noted in Amin et al. 2003 The only parasite found in Prussian carp from Alberta was the acanthocephalan, Pomphorynchus bulbocolli. This is a new host record and the first report of any acanthocephalan infecting Prussian carp.
Thorny-headed worms mainly inhabit the intestines of fish, but amphibians, reptiles (rarely), birds, and mammals can also act as hosts (Roberts et al. 2013 ). The commonest definitive hosts of P. bulbocolli are white suckers, Catostomus commersonii Lacepede 1803 (Jensen 1973 (Jensen 1973 ). If P.
bulbicolli are like other acanthocephalans, they probably induce altered behaviour in gammarids to increase their probability of being eaten by potential definitive hosts in benthopelagic habitats (Keymer and Read 1991) .
Adult acanthocephalans attach to the intestines of their fish hosts, using a protrusible proboscis that is armed with recurved, sclerotized spines. In addition, this species has an inflated bulb near the distal end of its proboscis that is embedded into the mucosa. Within the intestine, worms may attach, move, and re-attach several times, so one acanthocephalan may cause several wounds. In some cases, D r a f t 8 P. bulbocolli causes gross pathology by perforating the intestine (Heller et al. 2016 Consequently, before this survey, we anticipated that Prussian carp would be infected with several of these parasites.
In an analysis of many examples where wild fish had been intentionally relocated to new sites in Russia and in North America, Dogiel (1964) parasite species to two, but acquired three new species -two protozoans and one monogenean fluke. Dogiel (1964) pointed out that these new parasites had direct lifecycles, not involving any intermediate hosts.
Our study supports most of Dogiel's (1964) observations. In Eurasia, Prussian carp are infected by 44 species of parasites (Table 2 ) -we found one. The parasite that carp have acquired in Alberta does not have a direct lifecycle but does have a wide range of hosts. Margolis and Authur (1979) reported P.
bulbocolli from 37 different species of fish, including five (13.5%) cyprinids. We were surprised by the lack of any monogenean or copepod parasites on the gills or skins of carp, because these parasites are extremely common on cyprinids in Alberta and have direct lifecycles, however many are species specific.
The common pattern seen in introductions of exotic cyprinids, particularly goldfish (Carassius auratus L.), grass carp (Ctenopharyngodon idella Cuvier and Valenciennes, 1844), and big head carp (Aristichthys nobilis Richardson) is that they lose their parasites (perhaps due to stochastic events, or a lack of needed abiotic or biotic factors such as proper intermediate hosts) (Tompkins and Poulin 2006) .
The likeliest parasites to be transmitted from native fish to invaders, or from invaders to natives, are those with direct lifecycles, that are transmitted horizontally. For example, in New Zealand mongenean flukes (Dactylogyrus and Gyrodactylus) from grass carp infected native fish (Tomkins and Poulin 2006) .
The acquisition of native parasites to invaders appears to be a very slow process - Kennedy and Pojmanska (1996) found that parasites of common carp (Cyprinus carpio L.) introduced into Hungary in medieval times, were still species poor and no different than the impoverished parasite faunas of three newly introduced carp species (grass carp, big head carp, and silver carp, Hypophthalmicthyes molitrix D r a f t 10 Based on our limited sample size, we conclude that Prussian carp in Alberta are not likely introducing any novel metazoan parasites to our native fish. However, it appears that they are also not experiencing common or intense infections from native fish parasites. This is problematic for native fish because Prussian carp may not have to deal with the energetic costs, or potential pathology, of metazoan parasite infections. This could be another factor giving them an advantage to thrive in North D r a f t 
